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(54) LENS BARREL SUPPORTING MECHANISM 

J57)Abstract: 

IpROBLEM to BE SOLVED: To provide a lens barrel supporting 
mechanism where excessive stress is not impressed on a lens barrel 
and by which high space efficiency and excellent workability are 
secured. 

SOLUTION: This supporting mechanism is provided with an Integrally 
formed ring adapter 3 intervening between the lens barrel 1 and a 
lens barrel supporting base 2. A through-hole (300 through which the 
lens barrel 1 passes in an optical axis direction, female screws 36A 
to 36D for attaching the adapter 3 to the lens barrel 1 passing 
through the through-hole (30), and through-holes 31 A to 31 D for 
attaching the adapter 3 to the base 2 are formed on the adapter 3. 
The screws 36A to 36D and the through-holes 31 A to 31 D are 
arranged separately from each other in the peripheral direction of 
the lens barrel 1 and the stress in the radial direction of the lens 
barrel 1 applied to the lens barrel 1 from the base 2 is mitigated by 
the deformation of the adapter 3. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of rejection] 

[Kind of final disposal of application other than the 

examiners decision of rejection or application 

converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner s decision of 
rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 



2006/09/25 



[JP,11-084199,A] 
Page 1 of 15 



[JP,11-084199,A] 



CLAIMS 



[Claim(s)] 

[Claim l] It has the adapter formed in one infixed between said lens barrels and said 
lens barrel susceptors in the lens-barrel support device in which a lens-barrel is 
attached in lens barrel susceptor. To said adapter The lens-barrel mounting section in 
which said lens barrel is attached to the breakthrough penetrated in the direction of an 
optical axis, and said lens-barrel penetrated to said breakthrough, The susceptor 
mounting section attached to said lens barrel susceptor is formed, and mutually, said 
lens-barrel moimting section and said susceptor mounting section separate to the hoop 
direction of said lens-barrel, and are arranged in it. The lens-barrel support device 
characterized by said some of adapters [ at least ] making jogging possible from said 
lens barrel susceptor in said radiation direction to the stress of the radiation direction of 
said lens barrel added to said lens-barrel. 

[Claim 2] The lens barrel support device according to claim 1 characterized by forming 
spring structure at least in one side of said lens-barrel mounting section and said 
susceptor moxmting section. 

[Claim 3] The lens barrel support device according to claim 1 or 2 characterized by 
concluding said adapter and said lens barrel susceptor by making said bolt which the 
mounting breakthrough which a bolt penetrates is formed in said susceptor mounting 
section of said adapter, and penetrates said mounting breakthrough spiral to said 
lens barrel susceptor. 

[Claim 4] A lens barrel support device given in any 1 term of claims 1-3 characterized by 
forming in the periphery section of said lens barrel the flange which projected in the 
direction of a periphery of said lens barrel, and attaching said adapter in said flange. 
[Claim 5] The lens barrel support device according to claim 4 characterized by 
concluding said adapter and said lens barrel by making the bolt which a female screw is 
formed [ bolt ] in said lens barrel mounting section of said adapter, and made said 
flange penetrate spiral to said female screw. 

[Claim 6] Said adapter is a lens barrel support device given in any 1 term of claims 1-5 
characterized by consisting of construction material of the same coefficient of hnear 
expansion as said lens barrel susceptor. 

[Claim 7] Said adapter consists of construction material of the same coefficient of linear 
expansion as said lens-barrel, and the flange which projected in the direction of a 
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periphery of said lens barrel is formed in the periphery section of said lens barrel. The 
female screw which a bolt screws is formed in said lens barrel mounting section of said 
adapter. Said adapter and said lens barrel are concluded by making the bolt which 
penetrates said flange spiral to said female screw of said lens barrel mounting section. 
The mounting breakthrough which a bolt penetrates while said spring structure is 
formed in said susceptor mounting section of said adapter is formed. The lens barrel 
support device according to claim 2 characterized by concluding said adapter and said 
lens barrel susceptor possible [ jogging ] in the radiation direction by making said bolt 
which penetrates said mounting breakthrough spiral to said lens-barrel susceptor. 
[Claim 8] Said lens-barrel mounting section and said susceptor mounting section are a 
lens-barrel support device given in any 1 term of claims 11 characterized by the thing 
of said adapter prepared in three or more places, respectively. 

[Claim 9] Said lens barrel mounting section and said susceptor mounting section are a 
lens barrel support device according to claim 8 characterized by being uniformly 
arranged to the hoop direction of said adapter. 

[Claim 10] A lens barrel support device given in any 1 term of claims 1-9 characterized 

by establishing the limit device in which migration of the direction of an optical axis of 

said lens barrel accompanying deformation of said adapter is restricted. 

[Claim ll] A lens-barrel support device given in any 1 term of claims 110 characterized 

by infixing the washer which adjusts the location of the direction of an optical axis of 

said lens barrel between said lens barrels and said lens barrel susceptors with said 

adapter. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the support device which supports the 
lens barrel of highly precise optical system, such as a lens barrel of the projection optical 
system of for example, a semi-conductor aligner. 
[0002] 

[Description of the Prior Art] The semi conductor aligner which forms a detailed pattern 
on a wafer is known by carrying out projection exposure of the pattern of reticle on a 
wafer. Drawing 9 shows the supporting structure of the lens barrel used for the 
conventional semi-conductor aligner (conventional technique l). The lens barrel 1 has 
contained the lens group of a projection optical system, and a lens-barrel 1 is fixed to the 
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lens-barrel susceptor 2 by binding tight flange la which protruded on the periphery of a 
lens barrel 1 to the lens -barrel susceptor 2 with a bolt 101. 

[0003] On the other hand, the equipment which attached the lens barrel in lens barrel 
susceptor through the buffer member which combined two or more rod part material is 
indicated by JP,6-300955,A (conventional technique 2), With this equipment, as shown 
in drawing 10 , whUe fixing the ends of four rod part material 102 to lens-barrel 
susceptor 2B with a bolt 103, the center section of the rod part material 102 is fixed to 
flange la of a lens barrel 1, and relaxation of the stress applied to a lens barrel 1 using 
the resiliency (bending deformation) of the rod part material 102 is aimed at. For 
example, since a gap of a dimension is absorbed by the bending deformation of the rod 
part material 102 when it originates in the temperature change of the equipment in the 
transport middle class of equipment and a dimension gap of each part by thermal 
expansion occiu's, impression of the excessive stress to a lens barrel 1 can be prevented. 
[0004] 

[Problem(s) to be Solved by the Invention] With the structure of the conventional 
technique 1, since the lens barrel is directly fixed to lens barrel susceptor, when a lens 
barrel 1 and the lensbarrel susceptor 2 are created with mutually different 
construction material, there is a possibility that it may originate in the difference in the 
coefiicient of linear expansion of a lens-barrel 1 and the lens barrel susceptor 2, and 
excessive stress may be applied to a lens barrel 1 in a temperature change in the carrier 
beam case. Such excessive stress makes the projection optical system in a lens barrel 
produce distortion, and becomes the factor which worsens the optical- character ability. 
[0005] Moreover, since two or more rod part material 102 is assembled in the polygon 
configuration with the structvire of the conventional technique 2, the 
attachment- and detachment activity of two or more rod part material is required at the 
time of attachment and detachment of a lens barrel 1, and the workability at the time of 
manufactxu-e or a maintenance is bad. Moreover, in the edge*s of the rod part material 
102, i.e., polygonal top-most vertices', projecting outside from the periphery of a lens 
barrel 1 (flange la), in order to require the tooth space for enabling the 
attachment and detachment activity of the comphcated rod part material 102, there is 
also a problem of causing enlargement of equipment. 

[0006] Excessive stress is not impressed to a lens barrel, but moreover, the object of this 
invention has high space efficiency, and is to offer the lens barrel support device in 
which good workability is securable. 
[0007] 

[Means for Solving the Problem] It matches and explains to drawing 1 which shows the 
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gestalt of operation - drawing 8 . 

(1) Invention according to claim 1 is applied to tKe lens-barrer^^^s^^ in which a 
lens barrel 1 is attached in the lens barrel susceptor 2. It has the adapter 3 formed in 
one infixed between a lens-barrel 1 and the lens-barrel susceptor 2. To an adapter 3 The 
lens-barrel mounting sections 36A-36D in which a lens-barrel 1 is attached to the 
breakthrough 30 penetrated in the direction of an optical axis, and the lens barrel 1 
penetrated to the breakthrough 30, The susceptor mounting sections 31A-31D attached 
to the lens-barrel susceptor 2 are formed. Mutually, the lens barrel mounting sections 
36A-36D and the susceptor mounting sections 31A-31D separate to the hoop direction of 
a lens-barrel 1, and are arranged in it, and some adapters [ at least ] 3 make jogging 
possible in the radiation direction to the stress of the radiation direction of the 
lens-barrel 1 added to a lens barrel 1 from the lens barrel susceptor 2. 

(2) In the lens-barrel support device according to claim 1, as for invention according to 
claim 2, the spring structiure 32 is formed in the adapter 3 at least at one side of the 
lens-barrel moxmting sections 36A-36D of an adapter 3, and the susceptor mounting 
sections 31A-31D. 

(3) In a lens-barrel support device according to claim 1 or 2, the mounting 
breakthroughs 31A-31D which a bolt 4 penetrates are formed in the susceptor mounting 
section of an adapter 3, and invention according to claim 3 concludes an adapter 3 and 
the lens-barrel susceptor 2 by making the bolt 4 which penetrates the mounting 
breakthroughs 31A-31D spiral to the lens barrel susceptor 2. 

(4) Flange la to which invention according to claim 4 projected in the direction of a 
periphery of a lens-barrel 1 in the periphery section of a lens-barrel 1 in the lens barrel 
support device given in any 1 term of claims 1-3 is formed, and an adapter 3 is attached 
in flange la. 

(5) In a lens barrel support device according to claim 4, female screws 36A-36D are 
formed in the lens barrel mounting section of an adapter 3, and invention according to 
claim 5 concludes an adapter 3 and a lens-barrel 1 by making the bolt 5 which made 
flange la penetrate spiral to female screws 36A-36D. 

(6) Invention according to claim 6 becomes any 1 term of claims 1*5 from the 
construction material of the coefficient of linear expansion as the lens-barrel susceptor 2 
with the same adapter 3 in the lens-barrel support device of a publication. 

(7) Set invention according to claim 7 in a lens-barrel support device according to claim 
2. Adapter 3A consists of construction material of the same coefficient of linear 
expansion as a lens-barrel 1, and flange la which projected in the direction of a 
periphery of a lens barrel 1 is formed in the periphery section of a lens barrel 1. Female 



[JPai 084199,A] 
Page 5 of 15 



screw 31A' which bolt 5A screws - 31D' are formed in the lens barrel mounting section of 
adapter 3A. Adapter 3A and a lens barrel 1 are concluded by making bolt 5A which 
penetrates flange la spiral to female screw 31A' of the lens-barrel mounting section ■ 
3 ID', an adapter ■■ three - A ■■ susceptor -- mounting - the section -- **** -- a spring ■■ 
structure -- forming having ■ while ■■ a bolt -■ four - A - penetrating - mounting ■- a 
breakthrough -■ 36 -■ A -* ' ■ 36 -■ D - ' - forming having ■■ It is characterized by 
concluding 2 with adapter 3A and lens barrel susceptor possible [ jogging ] in the 
radiation direction by making bolt 4A which penetrates mounting breakthrough 36A* - 
36D' spiral to the lens barrel susceptor 2. 

(8) In a lens barrel support device given in any 1 term of claims 1-7, the lens barrel 
mounting sections 36A-36D and the susceptor mounting sections 31A-31D of invention 
according to claim 8 are things of an adapter 3 prepared in three or more places, 
respectively. 

(9) In the lens barrel support device according to claim 8, the lens-barrel mounting 
sections 36A-36D and the susceptor mounting sections 31A-31D are uniformly arranged 
for invention according to claim 9 to the hoop direction of an adapter 3. 

(10) Invention according to claim 10 establishes the limit device 8 in which migration of 
the direction of an optical axis of the lens barrel 1 accompanying deformation of an 
adapter 3 is restricted, in a lens-barrel support device given in any 1 term of claims 1-9. 

(11) Invention according to claim 11 infixes the washer 7 which adjusts the location of 
the direction of an optical axis of a lens-barrel 1 to any 1 term of claims 1-10 between a 
lens-barrel 1 and the lens barrel susceptor 2 in the lens barrel support device of a 
publication with an adapter 3. 

[0008] In addition, although drawing of the gestalt of implementation of invention was 
used by the term of above-mentioned The means for solving a technical problem 
explaining the configuration of this invention in order to make this invention 
intelligible, thereby, this invention is not limited to the gestalt of operation. 
[0009] 

[Embodiment of the Invention] 

- Explain the gestalt of operation of the 1st of the lens-barrel support device by this 
invention using drawing 1 and drawing 2 below gestalt ■ of the 1st operation. The 
lens-barrel support device of the gestalt of the 1st operation constitutes some 
semi conductor aligners. 

[OOlO] The lens barrel 1 shown in drawing 1 contains the lens group (im -illustrating) of 
a projection optical system which changes the floodlighting firom the exposure light 
source into the exposure light (parallel light) to reticle. The lens barrel 1 is presenting 
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the approximate circle column configuration which makes an axial center the optical 
axis L of the contained lens group, and the axial center of an optical axis L, i.e., a 
cyhnder, has turned to the direction of a vertical. Flange la of the shape of a ring which 
projects in the direction of a field (level surface) which intersects perpendicularly with 
an optical axis L is formed in the center section of the lens barrel 1. 

[OOll] The lens barrel susceptor 2 of drawing 1 consists of construction material which 
is different in a lens barrel 1, and supports a lens barrel 1 through the adapter ring 3 
mentioned later. Since it is not necessary to make construction material of a lens barrel 

1 and the lens barrel susceptor 2 into the same thing with the gestalt of the 1st 
operation so that it may mention later, the degree of freedom of a design becomes large. 
As shown in drawing 1 (b), stowage 2a which contains a part of lens barrel 1 is formed in 
the lens barrel susceptor 2, flange la is laid in the open end of stowage 2a of the top face 
of the lens barrel susceptor 2 through an adapter ring 3, and a lens barrel 1 is supported. 
As shown in drawing 1 (b), an adapter ring 3 is bound tight by the lens-barrel susceptor 

2 with the bolt 4 which penetrates an adapter ring 3. A lens barrel 1 is bound tight by 
the adapter ring 3 with the bolt 5 which penetrates flange la. 

[0012] The adapter ring 3 shown in drawing 2 consists of the same construction 
material (namely, construction material which is different in a lens barrel l) as the 
lens barrel susceptor 2, has the almost same outer diameter as the outer diameter of 
flange la of a lens barrel 1, and presents the ring configuration in which the opening 30 
of a bigger path than the outer diameter of the cyhnder part of a lens barrel 1 was 
formed. As shown in drawing 2 , four breakthroughs 31A-31D which a bolt 4 penetrates, 
and four female screws 36A-36D which a bolt 5 screws are formed in the adapter ring 3. 
As shown in drawing 2 (a), Breakthroughs 31A-31D and female screws 36A-36D are 
distributed by turns to every [ which divides an adapter ring 3 into eight equally ] 
include angle (45 degrees), and are arranged. Moreover, near the female screws 
36A-36D, opening of two long and slender infeeds 33 and the two holes 34 is carried out, 
respectively, and the narrow bridge formation section 32 of width of face is formed 
between infeed 33 and a hole 34. The bridge formation section 32 functions as spring 
structure so that it may mention later. 

[0013] The crevice 37 cut and lacked from the underside side in a contact side side with 
the lens-barrel susceptor 2 of an adapter ring 3, i.e., drawing 2 , (b) is formed in the field 
centering on each female screws 36A-36D, and the underside of an adapter ring 3 is in 
the condition of having floated firom the lens barrel susceptor 2, in the field in which 
this crevice 37 was formed. 

[0014] An adapter ring 3 is concluded by the lens barrel susceptor 2 by making the 
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breakthroughs 31A-31D of an adapter ring 3 penetrate a bolt 4, and making the female 
screw (referring to (h-awing 1 (a)) which formed this bolt 4 in the lens barrel susceptor 2 
spiral. A lens barrel 1 is concluded to an adapter ring 3 by laying a lens barrel 1 so that 
an adapter ring 3 may be laid on top of the lens-barrel susceptor 2 and flange la of a 
lens barrel 1 may be laid on top of an adapter ring 3 after a mounting beam with a bolt 4, 
and making the bolt 5 which made flange la penetrate further spiral to the female 
screws 36A-36D of an adapter ring 3. 

[0015] The ring width of face of an adapter ring 3 is comparatively narrow, and the 
bending deformation in the level surface is possible for it. Moreover, the breakthroughs 
31A-31D which a bolt 4 penetrates are arranged with fixed spacing in the hoop direction 
of an adapter ring 3, and a certain amount of distance (distance which divided the 
adapter ring 3 into eight equally in the hoop direction) is secured among adjoining 
female screws 36A-36D and Breakthroughs 31A-31D. Furthermore, the width of face of 
the bridge formation section 32 which was inserted into infeed 33 and a hole 34, and 
was formed is narrow, and bending deformation is easily possible for it in the level 
surface. In the field in which the crevice 37 is moreover formed as mentioned above, 
since the adapter ring 3 is not put between flange la and the lens-barrel susceptor 2, 
the frictional force received from the underside of flange la in drawing 2 (b) also 
becomes a small thing. For this reason, the bridge formation section 32 functions as 
spring structure of causing bending deformation freely according to the applied force 
applied. Therefore, even if it originates in a carrier beam case at the difference in the 
coefficient of linear expansion of construction material and the relative dimension gap 
between a lens barrel 1 and the lens barrel susceptor 2 generates a temperature change, 
a part for the gap is efficiently absorbed by deformation of an adapter ring 3, especially 
the bending deformation of the bridge formation section 32. In addition, in any fields 
other than crevice 37, although comparatively strong frictional force is received firom 
flange la and the lens-barrel susceptor 2 since the adapter ring 3 is put between flange 
la and the lens barrel susceptor 2, this frictional force is not so large as it forbids the 
bending deformation of an adapter ring 3 thoroughly. 

[0016] When based on the location 2, i.e., the lens-barrel susceptor, of Breakthroughs 
31A-31D, according to overall deformation of an adapter ring 3 or the bending 
deformation of the bridge formation section 32 which is spring structinre, the location of 
female screws 36A-36D is moved in the radiation direction of a lens barrel 1. Since a 
lens barrel 1 is an approximate circle column configuration, the stress (or deformation 
of a lens barrel l) which originates in a temperature change and is impressed to a lens 
barrel 1 should consider only the radiation direction of a lens barrel 1, but as mentioned 
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above, since deformation of an adapter ring 3 or the bridge formation section 32 
functions as moving female screws 36A-36D in the radiation direction of a lens barrel 1, 
it can ease the stress to a lens barrel 1 appropriately. 

[0017] On the other hand, compression of the hoop direction of an adapter ring 3 or the 
rigidity of the direction of tension takes a big value. Since location fluctuation of the 
hoop direction of the lens barrel 1 attached through the adapter ring 3 supports 
compression of the hoop direction of an adapter ring 3, or the rigidity of the direction of 
tension, the location of the female screws 36A-36D to this hoop direction, i.e., the 
location precision of a bolt 5, will become good. Since the lens barrel 1 is attached in the 
hoop direction of an adapter ring 3 at the adapter ring 3 through fovir female screws 
36A-36D assigned uniformly with the gestalt of the 1st operation, the location precision 
of a lens barrel 1 will become good by regulating the location of female screws 36A-36D 
about the hoop direction of a lens barrel 1, respectively. 

[0018] For example, if female screw 36A of drawing 2 (a) is observed, female screw 36A 
is located in the medium of breakthrough 31A and breakthrough 31D which are fixed 
with a bolt 4. Moreover, the part in which male screw 36A was formed is supported 
through the bridge formation section 32 installed by X shaft orientations. And as 
mentioned above, since the part of female screw 36A is in the condition of having been 
captivated from the lens barrel susceptor 2, it is put between the lens-barrel susceptor 2 
and flange la, and is not said that migration is blocked. For this reason, female screw 
36A is made movable comparatively easily about Y shaft orientations. 
[0019] On the other hand, to migration in the direction of X of female screw 36A, the 
rigidity of an adapter ring 3 is large and migration in the direction of X of female screw 
36A is forbidden substantially Thus, the migration is forbidden about migration of X 
shaft orientations of female screw 36A, i.e., the hoop direction of a lens barrel 1, to the 
migration being admitted about Y shaft orientations of female screw 36A, i.e., the 
radiation direction of a lens barrel 1. 

[0020] The same is said of female screws 36B-36D. That is, about the hoop direction of 
the lens barrel 1 of female screws 36B-36D, the migration is forbidden to the migration 
being admitted about the radiation direction of the lens barrel 1 of female screws 
36B-36D. Thus, since the female screws 36A-36D are movable about the radiation 
direction of a lens barrel 1, while the stress impressed to a lens barrel 1 can be reduced, 
as a result of fixing female screws 36A-36D about the hoop direction of a lens barrel 1, 
the location precision of a lens barrel 1 is highly maintainable. That is, an adapter ring 
3 is soft in the radiation direction, and the stress applied to a lens barrel 1 can be 
reduced remarkably, without worsening the positioning accuracy of a lens barrel 1, since 
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it has hard structure at the circumferencial direction. 

[0021] Since a lens barrel 1 is attached in the lens barrel susceptor 2 through an 
adapter ring 3, it is not necessary to make the coefficient of linear expansion of the 
construction material of a lens barrel 1 and the lens barrel susceptor 2 in agreement 
with the gestalt of the 1st operation. For this reason, mutually different construction 
material can be chosen and the large degree of freedom of a design can be taken. 
Moreover, since construction material of an adapter, ring 3 was made the same as that of 
the construction material of the lens-barrel susceptor % both can be dealt with as a 
thing of one and the problem resulting from a difference of the coefficient of linear 
expansion between both is not generated. 

[0022] The thickness of an adapter ring 3 is comparatively small, and moreover makes 
the outer diameter of an adapter ring 3 the same as that of the outer diameter of flange 
la, and he is trying to put an adapter ring 3 between flange la and the lens barrel 
susceptor 2 with the gestalt of the 1st operation. For this reason, as compared with the 
conventional technique 1 of drawing 9 , the increment in the tooth space same with 
adding one washer is needed. The edge of the rod part material 102 can miniaturize 
equipment from the periphery of a lens barrel as compared with the conventional 
technique 2 of drawing 10 which requires a projection and a complicated activity. 
[0023] Since the adapter ring 3 is made into one apparatus, a complicated activity like 
[ in the case of the conventional technique 2 in which the attachment and detachment 
activity of two or more rod part material is required ] is not needed, but the workability 
at the time of a maintenance becomes good at the time of manufacture. If it attaches in 
the lens barrel susceptor 2 beforehand by using an adapter ring 3 as assemble 
components, at an after process, an adapter ring 3 can be dealt with as a thing of the 
lens-barrel susceptor 2 and one. In this case, since anchoring will be completed if a lens 
barrel 1 is concluded with a bolt 5, an activity does not become complicated [ the 
conventional technique 1 / especially ]. In addition, since the part equivalent to 
especially spring structure of an adapter ring 3 has comparatively complicated 
structxure, as shown in the gestalt of the 1st operation, it is desirable [ a part], although 
forming the part equivalent to an adapter ring 3 in the configuration equivalent to the 
lens barrel susceptor 2 and one is also considered to manufacture as a member with the 
separate part equivalent to the lens barrel susceptor 2. When manufacturing an 
adapter ring 3 separately from the lens barrel susceptor 2, the adapter ring 3 of two or 
more thickness is prepared, and you may enable it to adjust the location of the direction 
of an optical axis of a lens barrel 1 (the direction of a vertical) by choosing the thickness 
of an adapter ring 3. 
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[0024] Although both overall bending deformation of an adapter ring 3 and bending 
deformation of the bridge formation section 32 which is spring structure are used with 
the gestalt of the 1st operation, you may make it use only either deformation. For 
example, if the stress of a lens barrel 1 can fully be reduced only by the function of 
spring structure like the bridge formation section 32, it is good also as a configuration 
which puts an adapter ring 3 with a strong pressure between flange la and the 
lens barrel susceptor 2, and cannot expect overall bending deformation of an adapter 
ring 3. With it, you may constitute so that the same function may be reversely given 
only according to overall deformation of an adapter ring, for example by making an 
adapter ring into a simple ring configuration, without establishing spring structiu-e in 
any way. 

[0025] With the gestalt of the 1st operation, although the lens barrel 1 and the adapter 
ring 3 are concluded for the lens barrel susceptor 2 and an adapter ring 3 using three 
bolts 5 using three bolts 4, respectively, foizr or more bolts may be used, respectively. In 
order to distribute the fixed force (conclusion force) from a viewpoint which reduces the 
stress of a lens barrel 1, more ones of the number of bolts are desirable. 
[0026] - Explain the gestalt of operation of the 2nd of the lens barrel support device by 
this invention using drawing 3 below gestalt - of the 2nd operation. In addition, the 
same sign is attached about the same component as the gestalt of the 1st operation, and 
the explanation is omitted. 

[0027] As shown in drawing 3 , with the gestalt of the 2nd operation, the washer 7 is put 
between an adapter ring 3 and the lens barrel susceptor 2. As shown in drawing 3 (a), 
the hole 71 which bolt 4A penetrates is formed in a washer 7, and a washer 7 is 
******(ed) by bolt 4A to the lens barrel susceptor 2 with an adapter ring 3. It is 
supposed that the construction material of a washer 7 is the same as the construction 
material of the lens barrel susceptor 2, and the unification by conclusion is in drawing 
by making both coefficient of Unear expansion agree. The thing of two or more kinds of 
thickness is prepared as a washer 7, and the location of the direction of optical-axis L of 
a lens barrel 1 can be adjusted by choosing the thickness of a washer 7. Thereby, the 
manufacture error of a semi -conductor aligner can be amended. 

[0028] ■ Explain the gestalt of operation of the 3rd of the lens barrel support device by 
this invention using drawing 4 and drawing 5 below gestalt - of the 3rd operation. In 
addition, the same sign is attached about the same component as the gestalt of the 1st 
operation, and the explanation is omitted. 

[0029] With the gestalt of the 1st operation, although the bridge formation section 32 as 
a spring configuration is formed in an adapter ring 3, the bridge formation section 32 
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has the low rigidity of the direction of an optical axis L (the direction of a vertical), and 
carries out bending deformation easily. In a senai conductbr alignef, in 

order to install a lens barrel 1 so that an optical axis L may be suitable in the direction 
of a vertical, after Installation, a lens barrel 1 is fixed by gravity and a lens barrel 1 does 
not come floating. However, at the time of transport of equipment, the upward 
gravitational acceleration exceeding IG may join the whole equipment, and a lens 
barrel 1 may be raised up. 

[0030] As shown in drawing 4 and drawing 5 , with the gestalt of the 3rd operation, the 
mechanical limiter 8 which restricts migration of the direction of an optical axis in four 
places of flange la of a lens barrel 1 is formed, and this has restricted migration of a 
lens barrel 1. With the gestalt of the 3rd operation, the bolt 5 which concludes a lens 
barrel 1 and adapter ring 3A, and the bolt (im illustrating; equivalent to the bolt 4 in 
the gestalt of the 1st operation) which concludes adapter ring 3A and the lens-barrel 
susceptor 2 are in the same location as the gestalt of the 1st operation. When making 
the location of a bolt 5 into the location corresponding to the include angle of 0 times of 
adapter ring 3A, 90 degrees, 180 degrees, and 270 degrees and making the location of 
the bolt equivalent to a bolt 4 into the location corresponding to the include angle of 45 
degrees of adapter ring 3A, 135 degrees, 225 degrees, and 315 degrees, the mechanical 
limit 8 be set as the location corresponding to the include angle of 30 degrees of adapter 
ring 3A, 120 degrees, 210 degrees, and 300 degrees. 

[0031] As shown in drawing 5 , the mechanical hmiter 8 consists of the stud bolt 81 
which penetrates the breakthrough 39 of breakthrough lb of flange la, and an adapter 
ring 3, and is screwed in the lens-barrel susceptor 2, cap 83 attached in the stud bolt 81, 
and a nut 82 which regulates the migration to the upper part of cap 83. As shown in 
drawing 5 , migration of the vertical direction of cap 83 is regulated with flange la and a 
nut 82, and the migration cost is shown by the sign 84 of drawing 5 . The migration cost 
84 supports the migration cost by which a lens barrel 1 is made upward movable so that 
drawing 5 may show. 

[0032] The migration cost 84 is securable by drawing out a spacer, after binding a nut 82 
tight through the spacer (for example, 0.1mm thickness) of the thickness equivalent to 
the migration cost 84 between cap 83 and flange la. As for the migration cost 84, from a 
viewpoint to which it is made for the acceleration by the oscillation under transport of a 
lens barrel 1 not to do breakage to the projection optical system in a lens barrel 1, 
considering as a small value is desirable. However, even if it is going to set the 
migration cost 84 as a very small value, decision of the value is difficult and 
implementation is difficiilt. Moreover, when the migration cost 84 is set up small, there 
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is a possibility that it may originate in a difference of the coefficient of Hnear expansion 
of a stud bolt 81 and flange la, and bolting by the mechanical limiter 8 may occur. 
Therefore, it is necessary to set up the migration cost 84 at worst within limits which 
bolting does not generate. 

[0033] Thus, with the gestalt of the 3rd operation, since the mechanical limiter 8 has 
restricted migration of a lens barrel 1, big impulse force is not impressed to a lens barrel 
1 at the time of transport of equipment etc., and breakage on a projection optical system 
can be prevented. 

[0034] As mentioned above, as instantiation of the lens barrel support device by this 
invention, although the gestalt of the 1st - the 3rd operation was explained, the 
combination of arbitration can be chosen about the existence of the spring structure 
formed in an adapter ring, the existence of a mechanical limiter, or the existence of a 
washer that adjusts the location of the direction of an optical axis of a lens barrel, and it 
is not limited to the combination shown in the gestalt of the 1st - the 3rd operation. 
[0035] Moreover, it can replace with a ring-like adapter ring and the adapter of one 
apparatus of various configurations can be used. A complicated 
attachment and-detachment activity hke the conventional technique 2 becomes 
unnecessary by not asking the configuration but using the adapter of one apparatus. 
For example, adapter 3B of one which fixed to one four pieces of a rod based each square 
side as shown in drawing 6 (a) may be used. As shown in drawing 6 (a) and drawing 6 
(b), adapter 3B is concluded by the lens barrel susceptor 2 using bolt 4B in a square 
top most-vertices part, and flange la of a lens barrel 1 is concluded in the center of each 
side of the square of adapter 3B using bolt 5A. In this case, the stress of a lens barrel 1 
can be eased by the bending deformation of adapter 3B. In order to distribute the 
conclusion force (fixed force) further, the adapter which comes to fix the piece of a rod 
adapted to the polygon configuration of five or more square shapes mutually may be 
adopted. 

[0036] ■ Explain the gestalt of operation of the 4th of the lens barrel support device by 
this invention using drawing 7 (a), (b), and drawing 8 (a) and (b) below gestalt - of the 
4th operation. In addition, the same sign is attached about the same component as the 
gestalt of the 1st operation, and the explanation is omitted. 

[0037] Drawing 7 (a) and (b) are drawings showing adapter ring 3A, give the same sign 
to the same part as drawing 2 , and mainly explain a point of difference. Adapter ring 
3A is produced with the same construction material as a lens-barrel 1. It replaces with 
female screws 36A-36D, breakthrough 36A ■ 36D' is formed in the heat deformation 
absorption field in which the bridge formation section 32 of adapter ring 3A is formed. 
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and the Zagury holes 136A-136D which hold the bolt head section are formed in the 
upper part of breakthrough 36A' - 36D'. Moreover, between the hoop directions of 
breakthrough 36A' ■ 36D*, it replaces with Breakthroughs 31A-31D, and female screw 
31A* - 31D' is formed. 

[0038] With the gestalt of the 1st operation, while an adapter ring 3 is bound with a bolt 
4 to the lens barrel susceptor 2 and both were made not to do a relative displacement, 
relative displacement of a lens barrel 1 and an adapter ring 3 in the radiation direction 
was enabled. With the gestalt of the 4th operation, as shown in drawing 8 (a) and (b), 
while adapter ring 3A is boimd with bolt 5A to a lens-barrel 1 and both are made not to 
do a relative displacement, adapter ring 3Ais connected with the lens barrel susceptor 2 
by bolt 4A through the bridge formation section 32, and relative displacement of both in 
the radiation direction is enabled. 

[0039] In drawing 8 (a) and (b), bolt 5A which penetrates flange la is screwed in female 
screw 31A' of adapter ring 3A ■ 3 ID', and a lens barrel 1 and adapter ring 3A are 
concluded. Bolt 4A penetrates to bolt breakthrough 36A* of adapter ring 3A - 36D', it is 
screwed in the female screw of the lens-barrel susceptor 2, and, thereby, adapter ring 3A 
and the lens barrel susceptor 2 are connected possible [ jogging ] relatively [ direction / 
(radial) / radiation ] . 

[0040] Namely, when a lens-barrel 1 expanded or contracts in the radiation direction 
according to heat deformation, it is going to expand or contract in the radiation direction 
like a lens barrel 1, and bolt 4A also tends to move adapter ring 3A in the radiation 
direction (radial). However, since bolt 4 A is screwed in the lens barrel susceptor 2, the 
bridge formation section 32 deforms it in the radiation direction, and the relative 
displacement between a lens barrel 1 and the lens barrel susceptor 2 is absorbed. 
[0041] In addition, also in the gestalt of this 4th operation, various deformation is 
possible like the gestalt of the 1st - the 3rd operation. 
[0042] 

[Effect of the Invention] 

(1) Since it enabled it to ease the stress of the radiation direction of a lens barrel 
according to deformation of the adapter of one by which the lens barrel moimting 
section in which a lens barrel is attached to the breakthrough penetrated in the 
direction of an optical axis and the lens barrel penetrated to the breakthrough, and the 
susceptor mounting section attached to lens barrel susceptor were formed according to 
invention given in claims 1 and 2, space efficiency is high and good workability can be 
secured. 

(2) Since an adapter and lens barrel susceptor are concluded by making the bolt which 
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the mounting breakthrough which a bolt penetrates is formed in the susceptor 
mounting section of an adapter, and penetrates a mounting breakthrough spiral to 
lensbarrel susceptor according to invention according to claim 3, the 
attachment and detachment activity of a lens barrel can be done an easy thing. 

(3) Since an adapter and a lens barrel are concluded by making the bolt which a female 
screw is formed [ bolt ] in the lens-barrel mounting section of an adapter, and made the 
flange penetrate spiral to a female screw according to invention according to claim 5, 
the attachment and detachment activity of a lens-barrel can be done an easy thing. 

(4) According to invention according to claim 6, since an adapter consists of construction 
material of the same coefficient of linear expansion as lens barrel susceptor, an adapter 
and lens-barrel susceptor can be dealt with as a thing of one. 

(5) According to invention according to claim 7, since an adapter consists of construction 
material of the same coefficient of linear expansion as a lens-barrel, an adapter and a 
lens barrel can be dealt with as a thing of one. 

(6) According to invention according to claim 9, since the lens-barrel mounting section 
and the susceptor mounting section are uniformly arranged to the hoop direction of an 
adapter, the stress applied to a lens barrel can be eased efficiently 

(7) Since the limit device in which migration of the direction of an optical axis of the 
lens-barrel accompanying deformation of an adapter was restricted was established 
according to invention according to claim 10, the breakage to the lens barrel in the time 
of transport etc. can be prevented. 

(8) Since the washer which adjusts the location of the direction of an optical axis of a 
lens barrel between a lens barrel and lens barrel susceptor is infixed with an adapter 
according to invention according to claim 11, positioning of a lens barrel can be 
performed easily. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l1 (b) is drawing which is drawing showing the lens-barrel support device of 
the gestalt of the 1st operation, and looked at (a) from [ of (b) ] the la-Ia line, and a 
sectional view in the Ib lb line of (a). 

[Drawing 2l It is a sectional view [ in / it is drawing showing an adapter ring, and / (a), 
and / in (b) / the Ilb-IIb line of (a) ]. [ the enlarged drawing of drawing 1 (a) ] 
[Drawing 3l (b) is drawing which is drawing showing the lens-barrel support device of 
the gestalt of the 2nd operation, and looked at (a) from [ of (b) ] the Illa llla line, and a 
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sectional view in the Illb-IIIb line of (a). 

[Drawing 4l (b) is drawing which is drawing showing the leiis barrel support device of 
the gestalt of the 3rd operation, and looked at (a) from [ of (b) ] the IVa lVa line, and a 
sectional view in the IVb-IVb line of (a). 

I Drawing 51 The enlarged drawing showing A part of drawing 4 (b). 

[Drawing 61 (b) is drawing which is drawing showing the modification using the adapter 
which comes to fix four pieces of a rod, and looked at (a) from [ of (b) ] the Vla-VIa line, 
and a sectional view in the Vlb VIb line of (a). 

[Drawing 71 It is a sectional view [ in / it is drawing showing the adapter ring of the 
gestalt of the 4th operation, and / (a), and / in (b) / the Vlllb-VIIIb line of (a) ]. [ the 
enlarged drawing of drawing 8 (a) ] 

[Drawing 81 (b) is drawing which is drawing showing the lens-barrel support device of 
the gestalt of the 4th operation, and looked at (a) from [ of (b) ] the Vila- Vila hne, and a 
sectional view in the VUb VIIb line of (a). 

[Drawing 9l (b) is drawing which is drawing showing the conventional lens barrel 
support device (conventional technique l), and looked at (a) from [ of (b) ] the IXa lXa 
line, and a sectional view in the IXb lXb line of (a). 

[Drawing 10] (b) is drawing which is drawing showing the conventional lens barrel 
support device (conventional technique 2), and looked at (a) from [ of (b) ] the Xa-Xa hne, 
and a sectional view in the Xb Xb line of (a). 
[Description of Notations] 

1 Lens Barrel 
la Flange 

2 Lens barrel Susceptor 

3 3A Adapter ring 

4 4A Bolt 

5 5A Bolt 

7 Washer 

8 Mechanical Limiter 
30 Breakthrough 
31A-31D Breakthrough 
31A-31D' Female screw 

32 Bridge Formation Section 
36A-36D Female screw 
36A-36D' Breakthrough 
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-Dx^mmzm^^^n^o m'^3 7^<Dm^x 
ts. yyxy-uyy3^^y^>i;^i a^mm^m-^2 
ta:>m^z^^}h^tix\^'^^(DX\ y^yt^i a:^^zJ^m 
m^m-^2ib^^i±Mtm^\^^mmtt^^i>-f^t)^. ^<Dmm 
Mtyyxy- u>y3 (Dmmm^^i^\>zm±^^ 

[0 0 1 63 mM?L3 1 A-'3 iD(D^M> -r:^tD-^m 

i^^m^mm. $>^\^^:x^^t3^mmx^^mmu3 2(Dmf 
^m^zmcx. mt2C3 6A'-'3 6iy(D^m^:iu>xm 
m 1 o)Wim:^\^iz^m-r^. u>xmm 1 ^f^mn^m^ 
x^^fzisb. um.mtizmmvxu>xmmi^zmm^ 
n^^^tf {m^u^u>xmni(o^m) \tu>xmwi 
i<Dn^:^[^\z^\,^x<D^xnitJ:\^^f)^. ±m<Dj^z> 
^zyyxy—u>y3$>^i^:imm^3 2(Dm^\tmi^ 
i; 3 6 A- 3 6 i>^u>xmm 1 <Dmm:&\^\z^m^it 
^.ko^zmm-r^f)^^. u>xmmi-^(Dft^tf^mmz 
m^-r^z^T^^x^^. 

[0 0 17] cintc^btLT. yyyy-'j>y3<Dm:^ 

yy-:f^~-\jy^3^iftvxmmf^nrzu>xmmi 
(om-^\^(o^m^m\i^yy^y—^j >y3<Dn^\^<Dm 
i^h^^^t.^mr>i5\^<ommzn)^>^\^x^^^<Dx. :i<d 
m:^[^^<Dm^C3 6A^3 6D(D^m. -rr^tD-^^^t^ju 

x\ty yy^ - u > ^ 3 o^mnn izi^m tctij om-DTzA 

■3<0^tai;3 6A-3 6D^^bTU>X^til;^^T^ 
'f^~-U>y3\zmi^i'fiE>tlX^^^0)X. «ltai;3 6A 

-36 D<Ditm^^\y>xmn 1 (om:^\^\z':>\^^x^n'e 
nmm^n^;z^\zj:^x. u>xmW]i(D^mmm\t 

[0 0 18] mt^v (a) CO^^CS 6Atca@ 



(5) 



11-841 



-rntf, m^C3 6A\,t. 4^;uh4tcj:oTg^^n^ 
mrnn 3 1 A <hmis?L 3 1 D^(D^m ^zi^nm l t i ^ . 

j;"5tcflt^i;3 QA(oum'xmwi^m-^2f}^^n-^nrz 

[0 0 19] cint3^bTfltfei;3 6Acox;^rsi^o^ 
m\zi^hx\tyy^^~-^j>^3<Dwim^:k^<. mm 
mzmt2C3 6A(Dx:^\^-^(D^m^m±^n^. ^(o 
^o\zmt^\:^3bAayYn^}^. -ru^-^uyxmMi 

[0 0 2 0] ftlfeUS 6 B-S 6DtC-::>l>Tt)|^ilX^ 
-^^Slt^-^, I^:J3C3 6B— 3 6D<^>U>X^M1(7) 

T. ©l^aC3 6 3—3 6D(DI/>X^^l<D^^I^tCO 

^iii 1 ooMI*:S'f^tc-:::)iiT^*aC 3 6 a- 3 6 v>fmWi 

^mii-^tix^^^(Dx\ vyxmMwzmM^ti^^ti 
^nkmt^^hii^x^^tinmz. u>xmM\<Dn^ 

f^tC-::>liT^:fei:3 6A-3 6D;5i?©l^^n^^l^. U 

^^7^'/9-')>^3\mm:^m\zmi^fi^<. 

[0 0 2 1 ] m 1 <Dmm(Dmmx\x. r^zf^—^) 
3 ^iffL'XU>xmn 1 ^^1^^^2 (;:l£fd'tt^(D 
-e, u>xmm 1 :fe^ac^^3^^-^ 2 <z)$*® oT)^^^^ 

7y-x^-^j>^3<D^m^mm^n'^2<DMm 
twi-'tvrz<Dx\ m'^^~^<Dh<Di:Lxmr)mozi 
tt)^x^. mmf^^z:}on^mmm^^(Dmm^zm^^ 

[0 0 2 2 ] m 1 (DmmcDmmvit. ryzf3^~-u >^ 

3(Dfm^\^imm^^<. '\.ii^^T^y^-ny'^3<n 

"U>^3<^:7^>>?i at.m^'^^'^2t,<jm\zm^ 

7.^-7.a>mW');^<^tt^^\zm^u\^K nmn o 2 
r^mxop>^^^^^2 ^z^^x^xmrn^fhrnit-t^z. 
[0 0 2 3] r^^^-'j>^3\t--wmh^nx^^^ 



(Dx. mmo)mm^(om^i^m^m^^n^'^mt^Wi2 

^y^y-fJi^U^at LX^ibmWi^^^ 2 \zMm'fX:i5 
m^. ^X^X«ry:/5^-U>^?^3(i^t^^^^^2i: 
~'^(D^<DiiVXm^m'DZLhf}^X^^o ZLCDm-^. U 

yx^m 1 ^^^ju h 5 tc J; o^fSis-rnt^f^ttf^Hv^f^^i^ 
j-r^cDx. ^MimihitmLx^<izi^m:^mmz 
7S^c<h(i;^o\ rj:^. ryx^-u>^3izm'^T^ 
u^^mm^m-^ 2 iznmt^m^^i-mzm^r^ z. 
th^^^ti^f}^. y^x^-'')>^3<nt.<\zmm 

1 (DrnMo^mw^z^-^^ -5 \z. mm^m-^ 2 tc+g^-r^ 
n'rih\%mm(Dm^t.\.xm.^^^<oim^\.^^^. 

z/^'-U >^3 <^^^^^^2 ^rSiffitc^f^T^^^tC 

ti. mcoip^(ory7^:$'-'j>^3^ffiitL, r^y 
^- u > ^ 3 ©i^^^iiiRr ^ ^t.xv >xm!m 1 cdt^ 
ift:i&f^n mm.-^^) o:>^m.^m^x^^^^\z\.x'^^ 

[0 0 2 41 miO|^:gg<DJ^MTH. T^:/:$'-'J>^ 

3(D±.wmumfm^t,mmmx^^^mn3 2(jy^ 
\im^(Dmmmm\.x\^^^ii\ li-rn:^^— ^cp^-ji^<o 

^^'^\zm^X^^(hX%t\\l. T^y^-U>^/3^ 
:7^>i^l at^^^-^2 tcr)r«^-C^liJE;fjtCcfcO^ 

y^x^-^y zy^3(n^wmumimi^^w^ 
x%fx^^^^fm^t.\.x^^\.^^ ^nt,\xKn\z. \'i 
^mm:Uh,^m^^'^izu<. mx^^y^Xi^'-v> 
^^mmuv >^mz^L>xyyx^-'j >{/(D±wm 
t^^m(D^\z^r^nm<omm^^fzi^^^'b\zm^vx 

[0 0 2 5] mi <Dmm<Dmmx\t.. 3 ^(d^^jv h 4 ^ 
m^^xmm^n'b2^y^x^-^)>^3^^. 3^<o 
h 5 ^m^^xu>xmM 1 a:r^y^-u >^3 1 

ffli.>Tt>j:i^o u>xmMi<Dm±^^Wi,'r^m.^j)^^ 
m^ti) ^^wcr^rzib\z^)i^h(om^^ 

[0 0 2 6] -m2<Dmm<Dj^m- 

m3_'^'^^''^^^^^zj:^mm^mmm<Dm2<D 
mmcDmmiz-^i^^xmmT^o ui^. mi<Dmm<Dmm 
tm~'m^m^\z^^^x\^m—n^^^vx^(Dmm^ 

[0 0 2 7] jMstc^-Tcfc^t;:, m2(Dmm(ommx\^ 
yyxi^-^j >^ 3 trnm^n-^ 2t<Dmizuyz^-Y'- 
7 ^m^i^mnxi^^. Ma (a) izT^-r.koiz. uy 
>-^-7tcn;i^;i/h4A7it^ii-r^?L7 i-^m^^n. 

•7 ^ - 7 h 4 A tC J: o TT y - tj > 3 

tthizmm^^-^2\zMLx^^^!^^n^o ^yi^r 
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xu>xmm 1 (o^mh:^\^o)^m^mm'r^zih^^x 

[0 0 2 8] -m3<Dmm(Dmm- 
i^T> mA^^'^M^^^^'^x^mm^zjz^mm^mm 
m(Dm3<Dmm<Dmmiz-D\^^xmm't^. u^. mi<D' 
mm(ommti^~-m^^^\z^\^^x\tm-nn^fihx 

3^z{^t3im^hvx<Dmm^3 2^m^vx\^^^f)^. m 

co:^m\z^^{zm^mm'r^. ^^^m^mx^^ym 
L.i!}mm.-:^{^\z^^<J:z>^zuyxmml^mm't^rz 
ib. mmmtrnti^zj: o u >xmm i Tbm^^n v >x 

m\z\-mm^mz i G^m^^±i^^(Dmtitmmi)m 
0 > u yxmm i ff±':^\zn±i)^^^m^fi^^^. 
[0 0 3 0] i^i 4 ^^xm 5 tc^-r J: z> \z. ^3<K>mm 
(ommx\^. u>xmmi<oy^>zyi sL(D4:bm^z^ 
i^xmk^\^o:>^W}^m^'r^^ti^:fy)]^V ^i/i^-s 
^mifx^o. :Lniz^Duyxmmio)^m^mmi. 
T0i>5„ m3<^mmo:)mmx},tu>xmn i trry~f9 

^;miCD^M£0?^^tC:fct:t^#;Uh4(C>fi^) 

<r>'^mj:>YimtMm(j^^m\z^^^ ^}\^ V 5 cD^m^r 

3^:/^— U>^3ACO0^, 9 0^, 18 0^. 2 70 

i^(nnmzn^^^^Wt.\^. 4^;i/h4tcffi^-r^4^;i. 

hiD^M^^rTyT"^— U>^^3A(D4 5^, 1 3 5g[, 

2 2 5^. 3 1 5^cD:^^tc^ftrr^^i):M<hT^<h^, 
p<:^-:^;i/'J5>:/ h8(^T^::?'^— »J>^3ACD3 o 

12 0^. 2 1 OS, 3 0 G^fD^SSC^^^ST^^ 

[0 0 3 1] [gl5tc^-r^-3tc. :^;^U^^:/5'— 
8^d::7^>vl atDMil^Ll bi5<i:aCTy3^3^-U>^ 

3 cDmMTL 3 9 ^'mm.mM-^m-^ 2 jci^g^-r^x^' 

F4^;i/h 8 1 X:?'-/ h*4^*;i/h 8 1 \zm^\^ i^ntz.^ 

\-jX?>3t.. ^^ty:/8 3<7)±:^^c0^i!i^^^'r^ 
:^-ty h8 2^:75^?)>5:^o ^5tC^T<fc5tC. ^^vX% 
3<D±T>^[^c^^llfi:7^>>?l ai3<i:tX:f^;; h8 2 

j:OM^i^n, ^ammmm 5 o^-^ 8 4 tc j: 0 

[0 0 3 2] ^m^^A.\X^^rvX^ S^y^yz^l a 

a)Pp^tc^i!if^8 4tct9^-r^;?^c^);^-^-ii— (fi^jAt^ 
0. immjp) ^^i.xi--jhs2^m^n^i^rzm. X 



^—^-^BmkK^t^z^Dm^xt^o u>xmm 
1 (omm^(ommiz^^mmm^^u>xmm 1 p^co^j^ 
yt^mzmm^^-^u^^^o\z-r^m.^t^iE>\^. ^mR 

4 ^m^x^\^^r^m^z^^v<i:z> t L>x^^<Dm<Dmwr 
i!)mi.<mm^mmx^^. src^ifef^8 4^/h^<^ 

^mwm±i.rj:\.mm\Hx^mm 4^m^r^i^^^ 

[0 0 3 3] z<D^o^z. ^so^mmcDmrnx^-i.. 
-tijvij ^yi^-s {z^-Dxuyxmm i (D^m^mm 
LTVi^cD-e, mm<D^mmm^zu>xmmi\zi:ii.x 

m^m±'r^ z: hf)^x^^o 
[0 0 3 4] i^ji. ^mmiz^^mm^mmm<Dm7!k^ 
LT. mi'--m3(Dmm<Dmmjz'Di^^xwmvrzi-^^. r 
yx^-'^}y^\z^^'^n^m3mm<j^^m. ^i^-ti 
^^\^^\^\^yxmM<Dm^:^\^<o 

[00 3 5] ^fc> u>y4^(Dr5^y^-'j>^tcf^^ 

r<htCci:o. ^^&^i2(D^ofs.mmfs.mm.r^mi}^^ 
tu^. m^^t. as (a) \z^'tJ:3\ziE:^m<D^m 
izmvfz 4 oc^^>t^-f^tc@^ u^c-^cor 

3B^^ffiUTt>J;tio Mil (a) ^J:tXrg|6 (b) 
^Ti:^(C, Tyy^-3BmE^J^cD]1.^.^5>tc43Vi 
T4^;i.h4B^£:^liTMfi^Jt^2tC^|@^n> U>X 
mmi(Dy^>zyl a(i4^;i/h5A^ffiViTr^y^ — 
3B<DiE:$J^CD^ja<D^^{C|Jg^^$neo T 

yxy- 3 Bcomf^m^z^ 0 i/>x^M 1 (D^^^^m 
[0 0 3 6] -m4<Dmm<Dmm- 

&iT. MZ (a) , (b) :$i^mmS (a) , (b) ^ 
ffiiiT^^?gtz<i:^^1^^^^^c7)^4 cDHSgoDj^^t:: 

^iz-^i^^xim-nn^nvx-^cDmm^^mt^. 
[0 0 3 7] ax (a) , (b) \^ryx^~v>y3 
A^^T^T^o. m2^hmmfs:mmiz\tm~'<Dnn^ 
ni.xmm.^.^^\zmmr^o T^y^-u>^/3A(s 
mniizmmmxi^m^n^. Ty:/^-u>^3A 

C0^^^3 2 7:»^J^^K$nTV^^I^^?^®iKM^tct^, ^ 
feUS 6 A-3 6DtCf^X.TKii?L3 6 A* -360' 
;i^J^^^$n> Wii?L3 6A' -360' <D±mzii:iyi^JU 
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h§lB^^i(K^'reif^'J7Ll 3 6A-1 3 6Dt)m^^ 
tlTVi^o ^fz. SM?L3 6A* —3 6 0' (Dm:^\^(D 
m^z{t. MTLS 1 A-3 lD(;:f^ATfiS^3C3 1 A' 

-3 ID' ^m^-^nx^^^. 
[ 0 0 3 8 ] m 1 <Dmmo:)mmxi^. r^-^^ u >^ 3 

mmx-\t. (a) *5<i:r/ (b) iz^T^o^Z. 7^ 

zf^-vy^sA^mmiizni^x^^juhsAx^mL 
xmmf)mM^^Lur^^^oiz'r^tiz^iz. r^y^ 

- U > ^ 3 A ^ISI^^ 3 2 LT4^;l/ h 4 AXmm^ 

[0 0 3 9] MA (a) <b) tC:feCiT. 

i^l a^MS~r^4^;i/h5AA^T5^yiS^— U>^3 A<D 
^:fei;3 1A' -SID' tc^^^nr^ffi^T^T' 

^-'J>^3At3&^^$^$tl'5o T^^y^'-'JV^^S A 
CD4^;i/hMS?L3 6A' — 3 6D' iZ^J]^h4A^mm 

^nxmm^m^2(omi2\:iz^^^n. cintccfco. 
Tyy^-u>^3Ai:^^^^^2t75^Mlt:&rsi (4^ 
m:^^) izmMm^zwm^mizmi^^n^,. 
[0 040] -rui^-^. mm i t^m^mizjz onm^i^ 

mm 1 ti^^icMM^r^itc^tiU < j^iix^LT:*^;^ n 

^-ji^h 4 A\imm^m^2izm^-$nx\^^^<Dx^ 
m^3 2timm-^i^^z^mvx. mmi 

[0 04 1] rsi^td. ::(D^4(Dmm<o^mjz^v^x^m 
1 3 (Dmm(Dmm mmizm^ (om^i^ruimx^ 

[0 0 4 2] 

(1) ii^JiiiDj:r)C2(c^<D^?gtcj:ti(^, mm^ 
m&:^mzmmrr^Mmiit. mmniznm^nrzmm 
izs^^vxmm^^n^mmmn^t. M^^^tr^L 
xmmf'^n^^^mf^^hi^m^-^nyt-i^o^ry 

(2) m^m3\znm(Dmm^z^nii. t^^i^-cd^ 
m'^^timz\t^)v hfjmm'r^mnmmitim^^ 
n. mnnrnK^mrn'r^^^juh^mm^m'^izmm^ 

x% mmcDm^f^m^^m:f^t><Dtr^^h/}^x^^o 

(3) m^m5izmm<D^m\z^nit. ry^^~<Dm 

n^)ih^mid.u^zmm-^it^^t\zj:^7y:/^~tm 



(4) mj^m6iz$m(D^mizj:n\^. y^-^^-s^m. 
m-^^'^tM--<oum^mi<r>Vim^^fx,^<nx. 7^ 

if^X^^o 

(5) mimi\zmm(i:>^mz^n\i. yy^i^^-^tm 
mLm~-<Dmmm%m<D^mf}^^fs.^o:>x. yy:f^~ 
^^m:^-'^<D^o)^hxm^mo^tt^x^^^ 

(6) m^m9iz$^mo:)mm\z^ri}>i. mmmn^:}^^: 

(7) m^mi oiz^m<Dmmizxn\t. ry:/i^~<D 
mmz<DX\ mmmmz^n^mwi-s,(Dmm^m±-r^ 

(8) ^^^1 i^zmm(D^m\z^tiffi. mmtmm^ 
m^L(Dmizmm(Dym^\^<DiiLm^mm'r^ y ^> ^ 

mi l mio:)mmo:>mm(Dmn^^mm^^rmx^ 
0, (a) (b) c^i a-i am:^\^^^^M.rzm. 

(b) « (a) 0)1 b- I blgtr^lt^^M^o 
[M2.] r3^>^3'~U>i?^^^^0T^O> (a) t^M 
J_ (a) cDiS:^^. (b) (a) (DII b -II biltC;fe 

[M3.3 m2(Dmm(Dmm(Dmm^^mm^^'tmx$y 

0> (a) (b) CO\Ua-\U am:^\^^^^M.rzm. 
(b) (a) <?)IIIb-IIIb||{zi5tt-5^®^o 

imjj m3(Dmm(Dmm(omm^nmm^7F:'rmx$> 

0, (a) (b) ODlVa-IVaH^&fSjTi^^^Tta 
(b) (a) COlVb-IVb^lC:tett^iFf®a 

[M5,] (b) 0DAg55^^^rM:^^o 

[[^6 ] 4'^<Dm>^''^mmi.xu^ry:f^-^m^^rz 
^mm^^'rmx$>*:). (a) (b) (^via-via^ 
;^rS3;6^e.^fca (b) (a) (DVib-vibiitri5tt 

[|gi7 ] ^4cO^Jg00J^!i(OTyy5'-U>^7^^^'r^ 
T^O, (a) \ ^ms (a) c7)i£:A:a (b) ti (a) 
cDvmb-villb||{c:^5tt'5^M^o 

[MS] m4(Dmm(Dmm<Dmm^^mm^7^tmx^ 

0> (a) (b) COVIla-VIIa^:^rS]^^^^/t 
m. (b) (a) CDVIIb-VIIb||tC43tj-^^M 

feO, (a) (b) <D\Xa-lXam:^\^f)^'E>M.rz 
m. (b) (a) cDiXb-IXb|gtCi3tt^^®a 

[ Hi 1 0 ] ^^comm^mmm mm^m2) ^^rm 

X$>0. (a) (b) or)Xa-Xa^:^[^;i^e)^;^c 
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m. (b) \t (a) (Dxb-xbmiz^^-f^mmmo 
1 uyx^m 

1 a y^>i^ 

3, 3 A r3^7'5^-U>^ 

4, 4 A ^)lh 

5, 5 A zt^^L'h 




7 y>;/>.-v- 

8 p<:;(j-;^;kU5';/5'- 

3 0 mmn 

3 1 A— 3 1 D mmji 

3 1 A' -3 ID'. mt^C 
3 2 

3 6A'-3 6D iK*ai; 

3 6 a: -sen' m®7L 

E2 ] 




(11) 




